A survey was conducted of exhibitors at a 1999 floral trade show, where a whirlpool spa on display caused a large outbreak of legionnaires disease (LD). In total, 742 exhibitors without LD returned a questionnaire on their whereabouts during the fair and their health afterward and supplied blood samples for the detection of IgM and IgG antibodies against Legionella pneumophila. The exhibitors had higher average antibody levels than did the general population. The closer to the whirlpool that the exhibitors worked, the higher their antibody levels. Both high-normal and high titer levels were found more frequently among workers with more exposure, suggesting that serosurveys among potentially exposed subjects are a valuable tool for outbreak investigation. Some differences in health complaints were observed between the more and less exposed groups, as estimated by the workplace location, but few differences were found between groups with different antibody levels.
bition. In a series of yet unpublished studies, including a casecontrol study and an extensive environmental sampling, a whirlpool spa on display at the consumer product fair that was part of the show was found to be the outbreak source. While investigating the outbreak, we carried out a serologic survey among the exhibitors who did not develop LD. This provided us with the unique opportunity of studying the occurrence of subclinical Legionella infection in a relatively large group who had been exposed to Legionella pneumophila during a defined short period.
Methods
We identified workers at the exhibition through the registered exhibiting firms. Of these, 98% cooperated. We excluded exhibitors who were registered as possible LD cases in the case register of the outbreak. About 1 month after the show, which was held on 19-28 February 1999, 1616 persons were approached with a questionnaire about their whereabouts during the exhibition and symptoms experienced afterward and were asked for 2 venous blood samples, 1 immediately and another 6 weeks later. Participation rate was 56%.
The outbreak investigation showed that exposure to infective aerosols had effectively begun on 23 February. Therefore, we excluded from analyses exhibitors who had worked at the show only before 23 February, leaving 772 exhibitors, of whom 742 supplied у1 usable blood sample and 631 supplied paired samples. From the questionnaire, we calculated the length of stay in each hall after 22 February and the coordinates of the stand where the participant had worked.
IgM and IgG antibodies against L. pneumophila (serogroups 1-7) were determined by means of commercial indirect ELISA (Serion classic ELISA; Virion-Serion). Monovalent IgM antibodies to L. pneumophila serogroups 1 and 6 (the 2 serogroups cultured from environmental samples from the exhibit area) were determined by microagglutination test [6] . Paired blood samples from each person were analyzed together. We compared the antibody levels with those of 480 blood samples from a serum bank established in a nationwide population-based serosurvey [7] , which were analyzed by the same laboratory with the same tests and lot numbers. Age-specific percentiles were determined from the serum bank sample by statistical modeling [8] . The reported data are based mostly on antibody levels in the first sample from each study participant. Analyses of the maximum value of the paired serum sample yielded similar results.
All titer values were log transformed before every analysis to achieve an approximately normal distribution. The results were transformed back into the original units for presentation purposes. We adjusted for potential risk factors for LD (age, sex, smoking, alcohol consumption, immunosuppression, and chronic lung disease [chronic obstructive pulmonary disease, history of pneumonia, sarcoidosis, or other severe lung disorders]). Age was included in the form of a polynomial function of age to prevent residual confounding. Table 1 shows that more women, older persons, and persons with chronic lung disorders worked near the outbreak source. Only a few people were immunocompromised. The exhibitors spent most of their time in the hall where they worked. They visited other stands in their own hall more often than stands in other halls; when they spent substantial time at a stand other than their own, it was usually at a neighboring stand.
Results
The ELISA titers for workers in hall 3, one of the 2 halls housing the consumer product fair and the hall where the source was located, were higher than those for workers at other locations ( ). A similar association occurred in the microagglutin-P ! .0001 ation results for serogroup 1 but not for serogroup 6. When hall 3 was omitted from the exhibitor population, no statistically significant differences in ELISA titers remained among other workplaces, but the titer levels were still statistically significantly higher than those in the reference population, where the geometric mean was 15.1 U/mL for IgG and 11.5 U/mL for IgM. A remarkable finding was that the increase in titer levels was only partly due to the increased number of persons with exceptionally high titer levels. It also was due to the entire distribution shifting to higher titer values. Thus, titer values below the median were less common than in the reference population, whereas those roughly 175th percentile increased in frequency.
Higher titer levels still were associated with working in hall 3 after we adjusted for potential confounders by use of multivariate regression: the ratio of titer levels of exhibitors in hall 3 to those of all other exhibitors calculated from these models was 1.6 (95% confidence interval [CI], 1.3-1.9) for IgG and 1.8 (95% CI, 1.5-2.1) for IgM. The duration of exposure, measured as time spent in hall 3, seemed to have less influence on the titer values than did whether hall 3 was the primary place of work. However, when the time spent in hall 3 was categorized as у2 h and !2 h, the variable became more influential than whether hall 3 was the main place of work. Multivariate regression analysis, when adjusted for all potentially confounding factors, indicated that IgG titers within the consumer product fair increased by a factor of 1.21 (95% CI, 1.20-1.23) for every 10 m closer to the source, and IgM titers increased by a factor of 1.25 (95% CI, 1.24-1.26).
We defined a "serologically positive subject" as one characterized by IgG and/or IgM antibody level 199th percentile of the reference population or with a 4-fold increase or decrease in antibody level to or from 175th percentile. The prevalence of serologically positive subjects also was much greater in hall 3 (26.9%) than in other halls (8.9%) and also decreased with the distance to the source. Being a serologically positive subject was not associated with smoking, drinking alcohol, preexisting lung disorders, an immunosuppressive disorder, immunosuppressive medication, sex, or age (results not shown).
The total number of people with complaints was slightly higher in hall 3 than elsewhere: 48% (95% CI, 40%-56%) versus 36% (95% CI, 32%-40%; table 2). The results were similar after adjusting for potential confounders. No differences between hall 3 and the other halls were seen in the prevalence of many other symptoms (including fever) or in the frequency of sickness absenteeism, consulting a physician, or staying in bed because of illness. Of all complaints investigated, only stomachache was statistically significantly related to being a serologically positive subject.
Discussion
A main finding of this study was that antibody levels in exhibitors, in the absence of clinical symptoms, were higher than those in a serum bank sample representing the general population. The difference was larger for persons working closer to the exposure source. This finding can be useful for future outbreak investigations, since exposure histories of healthy people with elevated antibody levels may be used to pinpoint a source. In this outbreak, the finding that antibody levels were much higher in hall 3 than in hall 4 was important evidence that supported the conclusion that the main source of the outbreak was the whirlpool in hall 3 as opposed to a whirlpool in hall 4, which also contained Legionella organisms [7] .
Both the percentage of high-normal antibody levels (175th percentile) and high antibody levels (199th percentile) increased with exposure to L. pneumophila, whereas the frequency of antibody levels below the median decreased, indicating a small, possibly dose-dependent, serologic effect, which, in general, would not be recognized by a clinical microbiologist as a true antibody response. Thus, serosurveys in outbreak investigations lose power when limited to counting high antibody levels only. Small immune responses to small doses have been observed for other agents. In guinea pigs, a dose-response relation between the given dose of L. pneumophila and the level of antibodies in serum 4 weeks later also was observed [9] . When immune responses occur selectively in those with low antibody levels before exposure, those small absolute levels might still represent considerable increases from pre-exposure levels.
Increased antibody levels for those exposed to L. pneumophila have been shown in studies of staff in hospitals where LD outbreaks occurred [3, [10] [11] [12] and in studies of the Philadelphia outbreak [13] . This also was observed in nurses on wards where no vulnerable patients acquired LD, possibly because they were exposed to doses too small to cause LD [3] .
In our study population, serologically positive participants who did not develop LD generally did not report mild symptoms of Legionella infection. The conclusion is that Legionella infection does not lead to a spectrum of illness severity, ranging, for example, from just dry cough to severe pneumonia. Instead, our data suggest that exposed persons either develop pneumonia or remain healthy, since only a single symptom was reported more often by serologically positive subjects. In view of the large number of statistical tests, a single chance finding is to be expected. In contrast, higher incidences of many symptoms were found in hall 3. This finding is more prone to bias by factors such as selective reporting, selective nonresponse, or stress caused by personally knowing someone with LD.
In previous studies, symptoms associated with the presence of Legionella antibodies were a dry cough with no soreness of the throat [3] , symptoms compatible with legionellosis (not statistically significant) [2] , fever ( ) [2] , febrile respiratory P p .005 illness (not statistically significant) [4] , sickness absenteeism [14] , and illness with 4 symptoms of LD (not statistically significant) [5] . One study found no association between antibody titer level and pneumonia during the exposure period [11] . In summary, the type of symptoms related to high antibody levels in previous studies is not consistent. Moreover, as most studies have looked at multiple symptoms, some chance statistically significant results are to be expected. Therefore, the evidence from previous work for specific symptoms being related to higher antibody levels seems to be weak.
In this study, 2 blood samples were taken to observe seroconversion. Seroconversion of IgG has been described as occurring in 58% of converters within 3 weeks after the first symptoms (∼1 month after exposure), and seroconversion of IgM occurs even faster [15] . Therefore, it is likely that a large proportion of seroconversion, especially in IgM, took place before our first sampling time. In retrospect, the second blood sample yielded almost no additional information. Therefore, taking second blood samples in outbreak investigations seems useless, unless the first sample can be collected earlier.
In summary, this study shows that exposure to L. pneumophila leads to increased antibody levels in persons who do not develop LD and that this effect is greater for those nearer to the source. This means that serosurveys among exposed subjects can be a valuable tool in outbreak investigations. However, the number of health complaints does not seem to differ substantially between persons with high and low antibody levels.
